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. The Prosident of the United States
The Presidqnt of the Senate
The Speaker of the HouWse of Representatives

Sirs: *
I enclome for your consideration ERDA 77-1, "A Nationsl P an
for Energy Research, Development and Demonstration.* This
report was prepared in response to Section 15 of the Federal
Nonnuclear Energy Research and Development Act of 1974, .
which requires ERDA to develop a comprehensive plan for
energy research, development, and demonstration. -
The RD&D program described in the encloms »Ort 18 in
consCnance with and supports the Presiden: 1t ronal Energy
Plan, submitted to the Congress on April u. ~77. The
President's overall energy plan provides the aceded context
for the national energy RD&D effort and includes specific
sections on energy RD&D. ERDA's activities in this area,
- combined with those of other federal agencies involved ing
energy RD&D, can provide the basis for the technological
change needed tgo allow the U.S. to weather the period when
* world o0il productidn approaches its capacity limitations, -~
-and to transition ro renewable or essentially ineghaustible
sources of energy for the future. -
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INTRODUCTION

in accordance with Section 15 of the Federal Nonnuclear Energy Re-
search and Development Act of 1974 (Public Law 93-577), this report-
- presents a diseussion of the energy research, development and demonstration
(RD&D) program currentlygbeing conducted by the Energy Research and
Development Administratlon (ERDA). The RD&D program is in consonance
with the President’s National Energy Plan, submmed to the Congress on April

20, 1977.
The energy prablem has been clearl'y stated in the Natlon 13 Energy Plan

as tollows:

“The diagnosis of the U.S energy crisis is quite simple. deshand for -
energy is increasing, vnile supplies of oil and natural gas are
dimimishing. Unless t iJ.S. "makes a timely adjustment before
world oil becomes very arce and very expensive in the 1980's, the
nation’s economic security and the American way of life will be
gravely endangered. The steps the U.S. must take now are smail
compared to the drastic measnres that will be needed if the uU.s.

does nothing unti. it is too late.” '
\ - -
Moreover, the Plan has been concewed to meet the following three
> overriding objectives- :

.. .as an immmediate objective that wi'l become even more impor-
tant in the future, to reduce dependence on forelgn otl and vuinera-
blllty to supply interruptions;

. .in the m~dium term, to keep U.S. imports s:.:ff:c:ently low to
weather the period when world oil product:on approaches its

capacity limitation; and .
. .in the long term, to have - ~ewable and essentially inexhaustible:
sources of energy for sustained economic growth.”" -

The strategy of the Plan contains three major components to achieve
these objectives: . .

. . ;
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Pust. by carrving ot an ettective Lonsenation progerarne i all
sectors of energy use, througth retorm of utthiyv rage strnc tures, andd th
makimg enenty paces retlect true replac cment costs. the nation.
should redduce the annual rate of growth.ot demand 1o less than 2
. percent That reduction would help achieve both the immediate and

the medium-term goals. It would reduce vatnerability 3nd prepare
the nation’s stoh of capital goods tor the ttme when world ol

production witl approach capacity hmitations.

Secondd, industnies okl utbhites asing ol and natural gas \hnuld .
comert to coal and other abundant tuels Substitution of othe e suels
tor ol and was would reduce imports and make gas more watdeh
) nlable tor househofd use An ettective converston  progeam
woudd thus contnbute to mcet'ng both the immediate and the

mediame-term poals

“Third  the nation should pPtirsue a vigorouos research and doevelop-
ment program to provide renewable and other resources 1o meet
LS enerey needs 10 the nest centun . The Federal £iovernment
should suppart a vartetn of energy alternatives 10 their earv stages,
and continue support through the development and demonstration
stage Jor technologies that are techmically, economacally, and envi-
ronmentatly maost promising '

This Nattonai Eneng: Plan s necessary because, deaoite positive ettorts by
tederal and state governments, mndustry, and the Amernican public to (‘uns_ervb
energy and to increase domestic energy supplies, the Nation is. nfore than
ever, most rekant on the least plentdul domestie. energy resources, petroleum

-and natural pas. Moreover, the Nation canno. solve this problem simply by
increasing the level of energy imports, because much the sare situation exists
. worldwide. / )
Natural gas must be: hquetied 1or ocean transport. Due to its kigh costs
and possible satety problems imported liquefied natural gas (LNG) is not a
lhg-term, secure substitute for domestic naiural gas. It can. however, be ap
important supply option through the mid- 198)'s and beyond. until additional
domestic gas supplies may become available. The Nation will continue to
depend primarily on domestic resources of natural gas.

To do o, additional quantities of this tuel must be made available’

through expanded exploration, the development ot supplemental sou-ces, and
more efticient means of extraction. Moreover, to stretch availlable quantities ot
this_finite and nonrenewable resource. the Nation must curb cdomestic de-
mand for this Tuel through conservation measures and by replacement by
mbher, more abundant or renewaile domestic energy resources.

_%nlnke natural gas, petroleum can readily: be transported in large quan-
utiS across oceans. However, the global pet rRleum situation closely parallels
the doinestic «ituation. The world s running out ot cheap and easily expanda-
ble&e~erves of petroleum;: and umhgued dependence on imports tor a
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substantial portion of total energy needs cannot be sustained dunng the latter
part of this cefftury because world producteon cannot keep pace with even
consesvative estimates of world demand’growth and because the financial and

economic costs would be immense.
Figure | shows the cqﬁ'ent and ERDA projected cumulatwe world produc:

tion of petroleum. Ad standards of living increase throughout the world, the
dernand for petroleum will probably (il between the historical annual growth

rate of 6 to 8 pesgcent and the O-percent annual growth that could be'%ﬂz\‘ned .

by aggressive conservation measures in all industrialized nations and by
restrained energy-demand growth in less developed countries. But regarglesc.
of which rate is assumed, the world cumulative production of petroleum
would exhaust one-half the world’s petroleum resources some time around
the énd of the century. Then, the peak annual production of the resource will
be reached. and annual production will begin to decline. In actuality, because
of political and other. considerations, pegk production could occur much
earlier !, but whenever it occurs, decliniftg production will put additional
upward pressure on petroleum pnces and on mternanonal tensions among
nations.

As an allustration, Figure 1l shows the rapidiy increasing gap between
growing world petroleum demand and declining world petroleum production,
based on a theoretical curve for a finite resource and the production fequired
by a three-percent annual growth rate, which current international studies
indicate as a difficult but possible futare rate.<in reality, the gap “vill not exist,
and production will equal demand. But this balance between production
and demand will be achieved through increased world prices for ro-
leum, which will increase production and decrease demand. At the

time, increased international tensions will occur as nations compete e
intensively .for the ever-decreasimg quantities of petroleum produced '

The implications of this analysis’ are clear: it is not ‘enough to be .«

cdncemed about import levels; the Natioa must be coricerned about total
consumption levels of petroleum and natural gas over time. That is, it is not -
percentage levels of petroleum or energy use that must be of conc’em but

absolute leveld of use. At some point the ‘Nation must stop the rising level of .

. absolute use of these fuels from present sources and achiqe a continua!ly
decreasing pattern of use by about the end of the century. = ° -

The transition from consumption of petroleum and natural gas to 'use of
more- abundant fuels will be more difficult than previcos transitions. The'

" reasons for moving to gther energy sources at this time are very d:fferent from

-those that precipitated such action in the past. Specificgjly. previous transitions
(e.g., from coal to petroleum and natural gas) ogaurred because the new fuel}
was more.economical, or more environmentally acceptable, or easier to
transport or gi:stnbute than the previously used fuels."Moreover, while the

a2
-

| See. tor example. The !nternational Energy Situation: Outlopk to 7985, ER 77_10240U;
Central Intelligence Agencv (CIA), April 1977
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transition took place, there were continuing supplies of all fuels: at reason-
aole prices. : ~

Increases in petroleum and na.ural gas prices_will make energy aiterna-
tives more attractive, but, without a comprehensive National Energy Plan,
normal marke? forces will not spur the transition to other fucls rapidly enough
to avoid excessive costs to the Nation in terms of economics, environment,
national security, and lifestyle changes. Thus, it is clear that the Nation cannot
atterd to wait decades to complete the next transition. (See Figure Il for the
ttme phasing of hisi:rical transitions from wood to coal and from coal to oil
and gas). The next transittion mu-t be well under way by the end of this
century, and it mus. be initiated today.

To help solve the Nation’s energy problem and to meet the three national
energy objectives, new technology must be developed to (1) incroase the
efficiency of energy use, (2) expand the use of existing fuels, and (3) make
the transition to new fuels. This report presents ERDA’s effort in these three

areas.

-

In ;.,enera! increasing the efficiency of energy use (conservation) can have
the greatest immediate impact on the Nat.on’s energy system between now
and 2000. This_impact can be obtaipéd tirough a coordinated set of actions
involving voluntaryefforts, economic incentives, regulatory actions, and de-
velopment of more efficient technologies to use and produce energy.

The expansion in the production and use of existing fuels (such as oil and
natural gas, coal, and uranium,using a once-through™tuel cycle in light water
reactors) can also provide a substantial contribution to solving the Nation's
energy problem between now _and 2000. The expansion of existing fuels
combined with increases in energy efficiency wiil provide most of the impetus
in meeting the Natiorr's energy goals in 1977-2000 period. )

Due to the long development times for difficult new technologies (such as
solar electric, hot dry rock geothermal, breeder concepts or fusion), theirmajor
energy contributions are expected to occur aiter the turn of the century. But,
the research and developmeént IR& D) needed 'must be pursued today if the
potentials of these technologies are to be realized in time. Meanwhile, the new
fuel technologies which are likely to be the significant pre-2000 contributors
to energy supplies are solar heating and cooling, hydrothermal-geothermal,
geopressured geothermal, biomass and shale oil. The combined contribution
from these new fuel technologies is still likely to be smaller at the end of the
century than from either conservation or existing fuel technologies at that
time. Hawever, new fuels will continue to grow in importance as the transition
to ‘renewable and essentially inexhaustible _fuels continues into the 21st
century. Prior to that time, energy cocntributions from these sources can and
will ease the burden on existing depleting fuels and on imports, thus playing a
kev role in the energy transition process. = - :

The RD&D development necessary to provide for the realization of the
three technology thrusts discussed above (energy eificiency, existing, and new

- -~ 0
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Figure 1l -

U.S. Energy Consumption Patterns
. by Major Energy Source ™
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fuels) must be carried out by the Naticn in an economically and environmen-
tally acceptable manner. This in turn requires continued emphasis on suppoit-
ing basic research and ervironmental technologies and in focusing the RD&D
efforts toward the marketplace. these technologies will enter. .
In view of these considerations, this report is divided intc seven chapters:
® Understanding consenvation
Reviewing the conservation technology base
Technologies that expand existing fuel sources
Technologies that use new fuels
- Development of support technologies
Ongoing program planning studies
A final chapter presenting a Fiscal Year 1978 budget overview
and the budget irends since the creation of ERA in 1975.

-
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lj’nderstanding Conservation

et “Energy conservation’’ is a term that has been widely used inthe last few:.
- years, but it means different thing3 to different people. To some it implies

giving up or curtailing services and activities ‘That require energy; to some it
means using more efficient equipment,and appliances; to some it means using
more efficient methods of obtammg oil, gas, or coal from known reserves. In
fact, energy conservation encompasses all of these, and more. It means not
only reducing our consumption of energy, but also using energy more effi-

- ciently now and for the future, individually and collectively.
Three types of action are required to achieve nanonal conservation of

energy: ) , .

L g Promotnon of an energy conservation ethic to reduce the de-
mand for energy. Consumers must understand the national
security importance and the economic value of conservation as -
well as the need to reexamine the purposes and scdle of use for .
services that depend on energy.*Energy RD&D obviously has, at
-best, a peripheral role to play in this approach. -

¢ Conversion of facilities and equipment to prov:de essentlally
the same energy services with less energy. Buildings, auto-
mobiles, and equipment of all kinds can usually be made more
energy-efficient through modest investment. The addition of
building insulation can conserve considerable amounts of en-
ergy presently used for space heating and cooling. \Waste heat
recuperators recycle energy that would otherwise be exhausted
unproductively. More efficient automobiie engines can dramati-
cally reduce the consugnption of gasoline.- RD&D_can make. a
major contribution to this approach, especially where the im-

- provements require new technology rather than s:mply retroF t-
ting established technologies and methods. . -

¢ Development of new, energy—efﬁclent ‘methodologies and
technologies that conserve energy by using It more affectwely or

-
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by using more abundant or self-renew;i!ng sources of energy. This
_approach may involve sweeping changes in communications,
"manufacturing, and services; in the production or derivation. of .
usable fuels; even in the l‘festyle of the Nation. Substitution of
rail mass transit for the automobile or telecommunications for
travel could radically change urban patterns and the conduct of
business. New processes for refining steel and aluminum and
new techniques for enhapced oil recovery could have major
impacts on industry. Such changes may depend heavily on the
development and use of new technology.

All three approaches, to be effective, must be practiced continuously since
conservation will always be a component national energy policy. How-
ever, each approach has a different time frame~The first approach can be
initiated quickly but the results may be short-lived unless a sustained effort is
made. Experience shows that consumers frequently revert to former practices:
the small-car market, which experienced a brief boorn after the post-embargo
gasoline shortages, has subsequently yielded ground to the medium-sized and
large-car market. However, even limited responses buy time for the develop-
ment of other energy options; and short-term actions may be the only optnons
for crises, such as last winter's natural gas shortage.

Conversion of facilities and equipment takes longer to implement. but
can achieve its full impact in-a matter of years. These energy savings are
permanent; for example, energy savings from building insulation save energy
very year after installation. Substitution of more abundant fuels for petroleum
or natural gas can be considered as part of this conservation approach. This
substitution may be accéptable even though it involves-an increased absolute
British thermal unit (Btu) expenditure in the short-term, because it reduces the

‘demand for the scarcer fuel. Again, this appredch not only eliminates waste in

energy use, but buys time for more co rehensive solutions.

The third approach, calling for ma;or mvestmentc of capital, will realisti-
cally be implemented only as part of the normal capital-replacement cycle. _
Houses, factories, mines, railroads, ,and other large, permanent facilities and
sysiems are not scrapped and replaced simply because a new technology or
system becomes avanlable replacement will be considered only when they
become economically obsolete.. New, integrated energy-efficient systems,
technologies, and facilities will take effect primarily in the longer term as they
are installed in place of their obsolete, less efficient counterparts.

‘ In effect, then, the first twio approaches will have their most important
tmpact in the near term by ehmmatmg waste and by providing-time for the
pursuit of innovative solutions to energy problems.: All three will play a-roie in
the mid-term by reducing the need to expand the use of existing energy
sources .and the demand for new fuels as they become available. N

And over the long term, energy conservation, especially major changes

in energy-use pattemns, can play a critical role in limiting the environmental

1w o
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consequences of the growing worldw:de use of energy. Conservation may not .

be the final answer to the environmental impacts of energy use, but it will,

without question, reduce the problem to more manageakbie proportions. '
‘Three methods of encouraging br enforcing these conservation actions =

are available: public persuasion, regulation, ‘and creation of economic in-

centives. ~
Through educanon advertising, and. other- channels of communica-

tion — public and private — all sectors of the sqciety may be persuaded of the
benefits to themselves and to the Nation of taking conservation action. ' This
method can ke _applied by individuals, in both their social and professconai

Watlons and instituti by all tevels of government. .
Regulgtory measures to monvate conservation include standards requir-

ing the use of energy-efficient systems, allocation or rationing of scarce fuels, ]
and limitation of availability (e.g., brownouts). These methods can be app!md
by regulatory agencies at all levels of government.

. Economic incentives and disincentives, such as favorable prices fOr
- energy-conserving equipment, fuel price controis,—and—speciai—taxes-and - -
rebates favoring conservation practicés, influence thé-behavior of the market,
and therefore of the consumer, to encourage conservation and discourage
excessive demands and waste. Economic incentives can emerge naturally but
can also be augmented by legislative and regulatory action. '

) All three methods, singly or in combination, apply.to all types of conser-
‘vation action. For example, a householder may tum down a thermostat as the _
result of a Presidential message, or because of a mandated setting, or because .
of d rise in the price of fuel. However, the-institution of econormic incentives :
and disincentives is prcbably the most importantand most effective means of
encouraging long-term conservation. -

' A major investiment of resources in an energy-efficient technology must
be cost-effective; the trade-off between costs and benefits must be viable. An
electric generating plant could consume less coal or oil if the maximum
operating temperatures and pressures were increased: however this change
could entail ‘inordinately expensive constructicn and decreased reliability.
Similarly, building insulation can be progressnve-ly increased to reduce heat
loss, but eventually a point is reached where an increment<dn the energy sav-
ings is worth less than the cost of installing the insulationuneeded to achieve it.

Economic factors are thereforé critical in approaches and investments.

= Decisionmaker: must consciously balance the.trade-offs between energy

savings and capital,-labor, and other costs in their pfanning. It is a great deal

less costly toplan for insulation when designing a house than to add insulation

after the house is built. Economically sound decisions made-early enough in
the process should save more energy than-those made later.

The implementation of conservation approaches can also have positive

effects on controlling fuel prices. Reduced. demand for limited fuel supplies

wilil tend to limit their prices. For all energy consumers, rich and poor alike, be :

) - A 1& ‘ ) ’ 11




they individuals or nations, the combihed effect of lower prices and lower
quantities used will reduce the amountof income needed for energy services.

Of course, this effect only delays day of r_eckorﬁng when the _Iimiteq5
petroleum and ‘natural gas resources are¥q fact depleted, but it provides time, ) -
which if used judiciously, can enable individuals and nations to find better
wavs of meeting their needs for energy services. - _
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Chapter 2 . ,
- Reviewing the Conservation Technology Base

o+
-

RD&D plays a key role in conservation; this role can best be understood

' by examining the technological base ior conset,vat:on inthree end-use sectors:
transportation, residential/commercial, and {ndustrial. The number of indi-
vidua! technologies required for effective conservation in each of these

“sectors is large so the followmg dlSCUSSIOﬂ hnghlrghts only a few of the -

significant optlons

'I'ransportataon Sector - _
' The transportation sector embraces many dlfferent energy-consuming
systems and accounted, in 1976, for 20 quads?! (or 26 percent) of total
domestic energy consumption. However the passenger vehicle, accountmg

for more than nine quads of the total, is by far the largest energy user in the

sector. Consequent!y, it is a prime Iarget for conservation measures.

“In- the near term, conservation will be achieved through evolutionary
modifications of existing types ¢ of vehlcles ergines and components. Smaller,
Inghter cars with smaller engnnes (and less power per unit weight) will provide
' some of the mandated improvement in miles per gallon. Other easily adopted

modifications to the present mternal combustion engine, such as computer-
contrélled ignition and fuel/air ratno “and lock-up torque converters, will
Lontnbute substant:ally to conservation — perhaps, eventually, as much as
reductions in vehicle size and lowered performance.

Two altemative engine systems, the turbine and the stifing, may offer
significant advantages in meeting the national’ ob;ectlve of improved fuel
mileage and clean air. Both engines involve continuous combustion processes
that reduce air pollutant emissions while improving fuel economy. ‘

The turbine is further advanced than the Stiding engine, since the former

has drawn_heavily on aircraft jetengine technology. While there are difficult -

problems remaining m the devel program, the turbine offers efficien-

-1 One quad is equal 1o 1015 Btu's.




cies of as much as 50 percent greater than those of conventional engines.when
ceramic components capaple of withstanding the recessary high temperatures
can be inexpensively.produced. An infinitely variable transmission with a -
more conventional turbi ye offers an alternative approach. -

The Stiding cycle has been limited in its applications mainly to fixed
installations at near-constant loads. An automotive version has been under
development for only a few years. To meet space, weight, and performance
objectives, the automotive Stirling must operate at paures of about 3,000
pounds per square inch, which are difficult to maintain. The heat exchanger
must operate at-high temperatures . . «d very high pressure,-while the piston rod
seal must have very low ieakage in a difficult environment. In addition. a
control system that meets automotive requirements without reducing ‘effi- -
ciency must be developed. Success in resolvmg these p?‘oblems could improve
fuel efficiency by 50-60 percent. .

Neither of these systems could have a significant impact on conservatlon
for more than 10 years. At least five years of development lie ahead before
production and production-line engineering can begin in earnest. Even when
an RD&D commitment o either or both of the new engines is madéd,
production lines cannot be converted tc the new system in less than a decade. .
However, if the new engines are successfully developed, they will add
important savings tG those achieved by other automotive amprovements and
" act directly to further reduce the Ievels of petroleum consumption in that
critical time period. : -

. . The development and introduction of electric and hybrid automaobiles is.
also belng pursued. These would provide a substitution capability for many .~
gasoline and diesel-powered vehicles currently used in.reutine, short-haul, ~
Iow load applications and'in commercial use in urban areas as well as rural
areas. The Congress enacted the ““Electric and Hybrid Vehicle Research,-
Development. and Demonstration Act-of 19767 (Public Law ©4-413) to
require (a) the demonstration of the technical and economic practicability of
such vehicles, (b) the éstablishment of performance standards, and () the
implementation of a loan guarantee program to encourage the commermal
production of such vehicles.

Nonautomotive transportation — trucks, airplanes, railroads and ships —-
likewise shows a potential for significant energy savings by the year 2000. .
Some of these changes are dependent on major capital :nvestm_gnfs such as
the purchase of new fleets of cGmmereial :aireraft.in which R‘nprovet_ onergy
-eff:cuency is but one of several decrsuon criteria. '

-
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| Res:dentual/Commerc:al Sector . -

- The res:dentlalfcommerc:al sector accounted, in 1976, for 37 percent of
domestic energy consumpnon Of this use, some 63 percent was for space
condntlomng Because of jhe charactristically long life of buildings, conserva-
~ tion systems that carf be-retrofitted into the existing stock of buildings are
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required a< well ‘as those that can be’ ma)rporated into new bunldlr.gs at the
design stage.

- One :mportant class of energy sysfems, for new or retrofit apphcatron is
the heat pump. Attention is being given to increasing the .variety of heat
pumps, improving their economics, and extending theie application’ mproved
heat pumps are benng developed in larger sizes for multiple-dwelling units or
commercial buildings; for broader temjerature ranges, to b economically
applicable in different temperature>ones of the country; and with alternative
power drives such as gas engines. Currently, one problem with heat pumps in
many areas is that, to be econcuinic, they must be used in conjunction with
central air conditioning. -

Other deve ments, such.as improved insulating materidls and installa-
tion practices, a pllcable to both new and retrofit markets. improved space
conditioning equnpment may also be suitable for both markets- Other more
elaborate energy-conserving space corditidning systems, such as integrated
energy systems for single dwellirgs, apartments, or entire communities, are

appropriate only for the new building market. .
The simpter systems, applicable to existing bu:ldmgs can have s:gn-ﬁcant
near-term impacts, but the more elaborate systems will probably require 10—

TS5 years for deyvelopment and signiticant market. penetration. . °

Industrial Secior .
N el . - - ) . “ ) * .
The industrial sector consumed, in 1976, 37 percent of all energy in
the United States. However, efficiencies in many industrial processes are low
because the industrial complex evolved over a-period of abundant and low-
cost energy. Consequently, significant opportunities-exist for development of

new energy-efficient” processes . e -

The ERDA mdustrnal energy-conservation RD&D .program has two - ‘

thrust: (1) toward the most energy-intensive processes of the six most energy-—
intensive industries — steel, chemicals/petroleum, glass, pglp and paper, ce-
ment, and food processing — which together use 70 percent of all industrial
- energy;-and (2) toward the energy processes that are used across a wide
_ i)ectrum of industries. ~

An important acea under dev&;pment génerally applncable to most
industrial energy processes, is waste-heat recovery. .

-~ For example, the organ %

the waste heat from diesel- or gas-turbine power plants to mechanical and
electric energy. A Rankine system using a\),ressunzed organic working fluid,
such as toluene, in a closed system will be dembnstrated during the next five
vears. The hot exhaust (500°-1000°F) of a diesel- or gas-turbine engine
.converts the fluid to a vapor, which drives-a turbine, thereby converting
‘some of the Wwaste-heat energy into mechanical and, possibly, electrical
energy. The combination of diesel engine and Rankine bottoming cycle

- - -l
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may recover an additional eight percent of the initial fuel energy; a gas
turbine bottoming cycle combination may save 15 percent.

Five 600-kilowatt (kw) organic Rankine bottoming cycle units will be -

field-tested in selected utility and industrial plants by 1980 under an ERDA
contract. Other bottoming cycles have been developed-to increase the
etficiency of diesels and gas turbines-used for industrial processes, for
pumping gas and petroleum, and for propelling ships. Since they can be
installed on existing diesels and gas turbines, these bottoming units may

have a significant near-term impact.
One specific industrial aciivity not generally considered part of the

‘conservation program is uranium enrichment. Introduction of the new gas

centrituge techinology will save over 90 percent of the electric energy presently
used in gaseous diffusion, as well as to effkich the uranium ore more effi-

_cieritly. This will also contribute to sigrificant energy savings through the endy\
. of this century. .
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Chapter 3 -
Technologles That Expand Existing Fuel Sources oo

Although e€nergy conservation is a critical element in the Nattonal
Energy Plan, additional energy supplies will also be required. Because of the
long lead times needed to develop other sources and introduce new technolo-
Btes, existing or imminent technologies that use pq&sent fuel sources must be
stressed” in the ‘early T980’s.” The Nation st cdncentrate ort technologles

that- “

-°® Produce additional petroleum natural‘ gas through en--
g hanced recovery techniques; ‘ .-
-® Expand the direct use of .coal in botb the- ut:llty and mdustry ]
sectors; -

‘e Expand the use of lnght water reactors in a once-througl" fuel
* cycle for electric power productzon

In the iate 1980s and beyond, these efforts can be ad'gmented by:

o Expandmg the use of coal through improved technologies for
industrial use including conversion to-synthetic fuel; =

L J Convertmg coal to electric power in an environmentally sound

u and more efficient manner; - .
® Developing advanced nucleéar tqchnologles consistent with )
nonprohferatlo)n objectwes .

Descriptions of selected.and illustrative technoloéy approaches follow:

Pfoduce Addltlonal Petroledm and Natural Gas ' d;n
estic

Although the dermand for petroleum and natural gas has risen,

" capacity to meet that, demand has not kept pace. -Domestic petroleum,
unrezovered from oil fields after conventional production, as well as natural
" gas, held in geologic formations considered currently unexploctable, could
supply substantial additional quantities of energy in the near term and mid-
term. For example approximately 300 billion barrels of petroleum resources

1
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are estimated to remain in existing, developed fieids after conventional
primary and secondary production. Obtaihing these untapped supplies,
however, requires enhanced recovery techniques for both. petrsleum and
natural gas. - - ’

ERDA is sponsoring the development and tesfmg of a variety of enhanced
recovery techniques that will make a significant fraction of petroleum and
natural gas resources available to the marketplace. Nineteen cost-shared field
tests for enhanced oil recovery using five available technologies have been
initiated with industry. In addition, 18 jointly-funded natural gas stimulation
projects are under way in seven states. The 13 contractors involved are
working with three different technologies. in addition, new natural gas .extrac-

tion technologies are being developed. - .

Direct Use of Coal - -
Coal will meet the greatest portion of 1ncrea<-ed U.S. energy needs. A
- comprehensive coal research and-development program is, therefore, a high
. priority. The program will focus on meeting environmental requirements more -
effectively and economically. and will seek toexpand theé substitution of coal
for petroleum and natural gas products. .
Most of coal’s impact in the short term (between now and 1985) should
result from the expansion of existing technology used to bum doal directly.
. ERDA has. a major effort focused on this task with.the goal of developing
£conomically attractive and environmentally sound techniques for burmng
coal, particularly higher sulfur coals. Success of this effort wil! accomplish two
important objectives: it will increase the magnitude of the usable coal reserve-.
and it will reduce the costs involved (ir many instances) by permitting greater
use of eastern coals which are closer to the larger demand centers in the east.
The ERDA program has three generic approaches. One is to remove the
sultur (anc other impurities) before combustion. Another is to develop new
combustion techniques to burmn higher sulfur coals in an environmentally
sound manner. The third approach is to convert coal of varying quality to a
clean synthetic fuel. lllustrative technologne:-, needed to inCrease the use of
coal by_the |ndustnarind utility sector are:

e Advaneed cleaning or benehc-anon methods texample of first
approach) -

o Atmospnenc tlurduzed bed combustion exampie of second
approach) .

® Low-Btu gasification (example of third approach).

Beneficiation, or cleaning, improves the environmental qualitv of mined

coal to broaden its range of applications. The process involves the reduction of

- “tree” sulfur and of rock; shales, and other “impurities” from the coal Jrough

grinding, washing, or floating. Beneficiated coal would be suitable for use in
existing“and future,direct coal combust:on technology

e - o ﬁ_
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Atmospheric fluid:zed bed combustion is a new system for burning coal
efficiently, even in relatively small boilers, while controlling air pollutants. In
this system, the coal is mixed with limestone and bumed in a.fluid bed. The
limestone reacts with the sulfur in the coal, thereby etfectively eliminating
sulfur from the exhaust gas. Among othess, problems with respect to coal and
limestone feed, ash disposal, and sorbent regeneration systems for
eliminating the large quantities of limestone or dolomute required for

combustion are under investigation.

ERDA has begun operating a 30—megawatt steam boiler, using an atmos-
pheric fluidized bed, at a power plant in Rivesville, West Virginia. A boiler of
this size can produce about 300,000 pounds of steam per hour — an amount
typrcal of an industrial boiler and about 3-5 percent of new utility boilers. In
addition, a 200-megawatt demonstration unit is betng considered for utility-
industry operation; success at that stage would lead to commercial use in the
mid-1980°s.

More advanced fluidized bed systems, commercially applicable in the
mid-term, are also being developed. These advanced units will be capable of
pperating 1n a combined cycle mode as part of a total community energy
system. One such mode uses a_high pressure fluidized bed system. The
combustion products first pass rhrough an advanced gas turbine. generating
el - tricity. and then go through a conventional heat exchanger/boiler svstem,
gererating steam to run a turbine to generate more electricity. A final step
would use the steam turbine exhaust to supply residential and commercial
space heating services to the surrounding community:

In low-Btu coal gasification, coal is burmed in a limited amount of air to
produce a fuel gas with an energy content of 10 to 50 percent of natural gas.
Because of this low-energy content, the gas cannot be economicatly stored or
transported over long distances. Rather, it is intended for direct on-site use,
either as a cleanburning fuel or as a chemical feedstock.

Although low Btu coal gasification is potentially an envnronmentally
‘acceptable use of coal. there are still some unresolved questions assocrated
with the actual coal processing and conversion, particularly with respect to
sultur and trace elements in the coal, as well as the compounds produced
during gasification.

Several demonstration projects, ranging from power generation in small
generating units to the manufacture of hydrogen for chemical production, are
planned or under way. Since this technology is evolving from existing systems .
and can be used in small-sized applications, it can be implemented in the near
term.

- In addition to the illustrative near-term technologies discussed above,
there are other technologies with potential application in the longer term.
Among these are magnetohydrodynamics, high Btu gasification, and technol-
ogies that produce synthetic crude oil from coal.




High Btu synthetic gas produced from coal may provide a substitute for
declining natural gas supplies. The RD&D program for these technologies is
focused on using advanced technologies. The technolog for producing
synthetic crude oil from coal is not as well developed as svnthetic gas
technologies. The RD&D program being pursued wull include pilot plant

demonstration of this technology.

- -
- -

Light Water Reactors . ‘

‘Light water reactors (LWR’s) now in operation are generating about 10
percent of present electricity needs with an in-place capacity of about 46,000
megawatts electric (MWe). An additional 185,000 MWe are under construc-
tion or planned for introduction through the early 1990’s. Thus, LWR technol-
ogy with a once-through fuel cycle represents a current energy production
capability that can play a significant part in the Nation’s energy future, ease the
demand on expansion of other fuel systems, and contribute to the reduction
of U.S. petroleum’imports.

Even though the necessary power plant technology is currently available,
the streamiining of regulatory requirements will undoubtedly enhance the
energy contribution of nuclear power while protecting public interests regard-
ing health, safety, and the environment. Moreover, the full potential of nuclear
energy will not be realized until problerns with three closely related aspects of

the fuel cycle are fully resoived. Namely,

® Assuring that peaceful uses ‘of nuclear power will not contribute
to the proliferation of nuclear weapons;

® Finding and providing sufficient fuel to expand nuciear capacuty
in ‘an economically and environmeritally acceptable manner -

L D:sposmg of wastes from nuclear facilities.

"These problems are directly attacked by various elements of the President’s

" comprehensive National Energy Plan and are discussed further below.
Effective safeguards systems require a balance of physical protection,
‘material control, and material accountability. ERDA has research and devel-
opment and operational activities under way in each of these areas to ensure _
that safeguards and security systems are technically and economically viaktle.
At the international level, in promoting measures to prevent the prolifera-

tion of nuclear weapons, the U.S. has:

® Taken a lead role in promoting the International Atomic Energy
Agency (IAEA) safeguards and adherence by as many states as
ible to those nuclear safeguards systems administered by

S
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® Agreed to place its facilities with no direct national security

. significance under IAEA safeguards;

. ® * Strongly endorsed widespread adherence to the Nuclear Non-
proliferation Treaty and favored the development of coordi-
nated supplier state policies aimed at the development of com-
mon and prudent nuclear export pohcueS'

. - @ Judged that its nonproliferation influence would best be fostered
through a program of carefully controlled nuclear cooperation
rather than a posture of strict embargo. To this end, the U.S. has
concluded approximately 33 nuclear cooperation agreements

- with 30 nations or international organizations designed to per-
mit the export of U.S. reactors and fuels under effective bilat-

v2ral and-IAEA controls.

There are Stl" some differences of view among the industrialized nations

as to how nonproliferation goals can best be fostered. In particular, the United

-States is pressing for a new international perspective as to how the LWR fuel

cycle should be approached to assure that nqnprollferatlon considerations
, receive highest. priority. :

" In this regard, the Natnon has opposed the spread of nationally controlled

reprocessing and enrichment facilities, favoring a moratorium on the export of

such technologies. Moreover, this country has raised fundamental new ques--

tions about the value of reprocessing and plutonium recycling in LWR’s, and
has argued that neither is necessary or inevitable for the U.S.

LWR’s, as designed and operated today, require about 5,300 tons! of
uranium oxide (U O .— commonly called “yellow cake’) over a normal

plant lifetime for each 1,000 MWe of capacity. Domestic uranium reserves?2

recoverable at a forward production cost of $30 2 per pound U O ,are 680,000
tons U O, with another 140,000 tons U O, estimated to be available as a
byproduct from phosphate and copper production. in addition to the reserves,
ERDA estimates that there may be additional resources cf 2,700,000 tons
U O, potentially available. Of this potential, 1,090,000 tons are estimated to
be in the probable category which, when combined with the reserves, form a
base_of over 1,800,000 tons U ,O,— sufficient to support all LWR’s now
operating or planned for the U.S. over their full operating lifetime. If the total
. combined reserves and potential resources are realized, they could support
. the lifetime requirement of over 600 nuclear reactors.

1 Based on _an average capacity factor of 61 percent, with 0.20 percent tails assay and a _

30-year lifetime.
* Reserves are those resources which are estimated in known ceposits by the evalua-

tion of sample data on an engineering basis and from which prodiction is reasonably assured

with current technology.
' Preliminary estimates indicate that an additional uranium resource ot 20,000 tons

U»Os may be available at $50 per pound U, in sandstone-type deposits.
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The extent to which nuclear power can contribute in the tuture will
therefore be strongly affected by the rate at which potential resources are
discovered and translated into reserves, and by the ability of the uranium
mining and milling industry to expand to méet anticipated uranium produc-
tion demands. It is currently estimated that a production rate of up to 60,000
tons U O, per year could be attgined by the early 1990’<, providii 2 industry
expands steadily in the interim period.

ERDA’s National Uranium Assessment Program (NURE) will provide a
more reliable estimate of the total uranium resource base and lead eventually
to increased reserves. NURE is being redosigned tc give greater attention to
resource assessment and is also being expanded to acquire data on the
thorium resource base.

In addition to expanding the resource base, energy production capability
can be expanded in several ways. Alternate reactor concepts or LWRs which
ut'lize less uranium per kilowatt hour of electricity produced can be devel-
oped. Therefore, emphasis is being glven to advanced concepts other than the
plutonium breeder.' A second approach is to improve LWR technology for
inCreasing capacity factors, and decreasing plant construction time and costs
through standardization of designs. A third approach is to operate on the front
ena of the fuel cycle. If greater amounts of uranium 235 were extracted in the
enrichment process than under current practices, iess uranium ore would E>
reqquired for each kilowatt hour of electricity produced in an LWR All three
approaches are being pursued.

In order to meet its domestic and worldwide obligations, the three
presently operating U.S. uranium eprichment plants are currently being up-
graded and U.S. enrichment capacity will be further expanded to provide an
additional 8.8 million separative work units per year using a vastly improved'
and energy-efficient technology. centrifuge enrichment. This technology uses
less than one-tenth the electric power needed for gaseous diffusion.

Government involvement in high-level waste management is unique
since ERDA is required by law to accept and safely store high-leve! radioactive
wastes generated by commercial operations. High-level radioactive wastes
produced in the fission process present potential long-term hazards and need
to be isolated from man’s environment for extremely long periods of time.
These wastes are contained in the spent fuel assemblies and can be stored or
disposed of in that form. The basic approach to waste management is to place
multiple barriers between radioactive wastes and man’s environment. The
current program objective is, by 1985, the development, construction, and
operation of the first of a number of terminal storage facilities for the long-term,

_safe storage of radioactive wastes. . ..
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Tedmologiés‘l’hat Use New Fuels‘

During the late 1980’s and 1990’s, conservation and the expanded use
of existing supply sources will be the major complements to diminishing
sources of petroleum and natural gas, but new ijuels can and must be
introduced into the market. Several technologies that use new fuels — shale
oil, synthetic fuels from waste and biomass, geothermal heat, and solar
energy — can have substantial impacts on the energy situation between 1985
and 2000.

Beyond 2000, the Nation will mcreasmgly have to rely on energy systems
based on ‘‘essentially inexhaustible” or renewable resources — e.g., solar
electric, hot dry rock geothermal, or fusion. The status of some of the
technolognes that use new fuels is discussed below. _

. Shale Oil

Billions of barrels of oil may someday be recovered from shale deposits in
the western states if environmental and economic problems can be overcome.
Optimistic econormic projections indicate that oil-from-shale coula be pro-
duced profitably if priced at today’s foreign crude petroleum prices. Major

uncertainties, however, need to be resolved. Among them-are:-(1) the environ-

mental impacts of shale oil production; (2) the availability of water (a scarce
resource with other competing needs in oil shale regions); (3) the actual
- econamics of shale oil production — e.g., the most developed technology,
which involves mining shale and using heat to separate oil from crushed shale
in a processing plant, appears to be the most costly; (4) inadequate knowledge
‘of shale geology and characteristics; and (5) the attractiveness of the substan-
~ tial initial investments required, since new technologies generally -require

higher investments per unit of net energy output. In spite of these uncertainties, -

shale oil could become an attractive new energy source for the U.S. and help

~ to fill the liquid fuels dernand-supply gap that may exist in the latter half of the

century.

Past research by both government and industry has advanced surface

retorting technology through the pilot plant stage of development. Pilot plant
) ' &
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testing of several alternative approaches is continving using both surface and
in-situ (or underground) processing techniques. In addition, several in-situ oil
recovery contracts are anticipated shortly. Processes involving development of
eastern shales are less well developed than those for western, but one major
in-situ gasification project involving eastern shale is under way. If the eco-
nomic problems can be resolved ahd the attendant environmental questions
can be answered (e.g., on air pollution and water availability), shale oil

tedwnologaes coulid begm to have an impact in the late 1980’s.

Geothermal

Geothermal energy exists everywhere beneath the earth’s crust, but in
most places the heat is too diffused or too deep to be a potentially usable
energy resource:-National and regional surveys by the U.S. Geological Survey
show that, in the U.S., potentially exploitablie hydrothermal geothermal re-
sources suitable for both electricity production and thermal applications are
largely confined to the Rocky Mountain and western states. Recent data

_indicate areas of hydrothermal resources, suitable for moderate- the mal

application, may also exist on the eastern seaboard. Geopressured geothermal
resources are located principally in deep sediments along the Gulf Coast, and
hot dry rock resources may underlie most of the country. Hydrothermal
resources are more readily accessible and nearer development than the
geopressured and hot dry rock resource bases. However, the latter resource
bases are estimated to be much larger.

Current domestic efforts are focused on exploration and assessment of
resources; on proving energy extraction and utilization technology and its
economics; on resolving environmental concerns involving the release of
toxic materials into the environment, subsidence, and waste water; and on
reducing institutional barriers at all levels of government which tend to inhibit
the use of geothermal energy. A federal loan guarantee program has also been

implemented to make capital more available to the geothermal industry.

: To stimulate the development of geothermal resources, the National”
Energy Plan proposes a tax reduction for intangible drilling costs, additional
RD& ds to evaluate the geopressured and liquid-dominated hydrother-
mal resources, and measures to streamline the leasing and environmental
. review procedures.

The geopressured resource b& consists principally of hot brine and
associated dissolved methane confined under pressdre at considerable depths
(5 to 15,000 feet) by deep impermeable rocks. Serious environmental
problems must be resolved to tap this energy resource. First, withdrawal of the
hot brine may produce subsidence as reservoir pressure is decreased, unless
appropriate control measures, such as brine reinjection, are taken. Second, the
quantities of air pollutants that may be released are not known. Third, where a
fresh water aquifer occurs above a geothermal reservoir, the fresh water could
be contaminated by the brine released. Nevertheless, geopressured resources

~—



are of particular interesﬂcause of the magnitude of the potentially recovera-
ble energy (about 2,500 quads) which ‘is thought to include significant
amounts of dissolved methane gas. This potential warrants major efforts to
refine knowiedge of the actual magnitude and content of the reservoirs, to
develop the technology to drill economically at great depths,” and to reduce,
the technological and economic uncentainties conceming reservoir produci-
bility and longevity. .

For the longer term, hot dry rock offers an even larger potential renewable’
resource option to provide substantial quantities of high gradé energy. Rock
deep in the earth contains vast quantities of heat, but little or no fluid to bring
the heat to the surface. Therefore, introduction and circulation of a heat
transfer fluid, such as water, are required to extract usable energy. However,
the economic costs @and technical difficulties of drilling to such depths and
recovering such highly heated fluids or other transfer mechanism without
undesirable enviro ntal impact suggest that thic resource is unlikely 1o
enter the market in a significant way until the next century. ERDA is determin- -
ing the characteristics of the resource and developing techniques for heat
extraction and reservoir stimulation. Experiments are being pursued at Fenton
Hill, New Mexico, to evaluate heat extraction and reservonr stimulation

-

. concepts . -
Solar Heating and Cooling | : S

The sun is an inexhaustible source of energy. Growing public interest is
evidenced by some 200 installations of solar, heating systems in 1975 and an
estimated 1,000 or more systems in 1976. The Federal Government subsi-
dized about one of every seven of these installations. There are now an
estimated 500 companies offenng solar systems and components on a com-
mercial basis. The President's National Energy Plan calis for tax credits for
solar installations and the use of solar heating in 2.5 million homes by 1985.

The primary R& D objective is to develop and demonstrate economically
competitive systems with a widle range of applications. Current R& D efforts are
aimed at perfecting key components — collectors, storage and heat exchan-
ger unif, heat pumps and air conditioners, and appropriate controls for the
systems.” A large-scale program to demonstrate residential and commercial -
solar heating systems is also under way. These efforts should permit wide-
spread introduction of solar hot water systems'® and solar space heating in the’
late 1970’s and early 1980’s. Increased market penetratior depends on further
reducing per-unit costs, improving system performance, and removmg institu-
tional barriers.

) Similar efforts are Gnder way to appl - solar heatmg irr agricultural and
“industrial situations in which large quantities of 'nw-tgrnperamre heat are

-

'For a variety of applications, these systems are alreac~ & unomically conpetmve in
some areas of the country. A .
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required. It is estimated that over 40 percent of the industrial and nearly all of
the agricultural heat needed at the point of application and for pre-heating is
below 400° F. Solar energy technology is already available for producing hot
water, hot air, or saturated steam to meet these requirements, and a number of
ERDA-sponsored projects are under construction to demonstrate such proc-
esses as crop and grain drying, the heating of animal shelters and greenhouses,
the production of hot water for commercial textile dyeing operations, and the
curing of concrete blocks. Solar production of agricultural and industrial
process heat should be competitive with conventional energy sources in some
areas of the country in the near future.

Energy from Waste and Biomass -

A variety of readily available resources — municipal waste, sewage
sludge, agricuitural and farest products, and animal residues — can be
burned directly or converted to synthetic liquid and gaseous fuels. In addition,
some of the resulting synthetics may be valuable as petrochemical feedstocks
such as methane, hydrogen, and ammonia. The technologies used for conver-
sion can therefore be viewed as a means of controlling pollutlon and conserv-
ing energy as well as of producing new fuels.

Biomass, which includées animal manure as well as agricultural and forest
crops and their residues, and aquatic plants such as algae and kelp, can be
converted by a series of processes into clean fuels and other energy-intensive
products. Methane, for example, can be produced from animal manure by

aerobic digestion, and then upgraded to pipeline-quality Substitute Natural
Gas (SNQG). Cellulosuc biomass such as wood or sugar cane can be broken
down into sugars“which, when fermented, yield ethanol, a liquid which can
be used as a=gasoline extender in an unmodified inter— il combustion engine.
Gasification of biomass in a manner analogous to tt mal reactions of petro-
leum refining can produce gaseous fuels or a synthesis gas which can be
transformed into methanol, SNG, hydrogen or ammonia. Some forms of
biomass can also be burmed directly to produce heat for a variety of uses.

In the long run, both terrestrial and aquatic biomass may be purposefully
grown (energy farming) for conversion to fuels, with wood being a large
source of*the biomass. Questions concerning the economics of proddction,
collection and transportation of biomass to a conversion fac.lity, biomass
availability, competing uses of land, and potential environmental impacts
must be answered before fuels from biomass can make a major impact on the

national energy problem. S ~

Solar Electric Systems

Various technologies — photovoltalcs, thermal electric, wind, and ocean
thermal — are part of the technology category, solar electric. Solar power is a
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renewable energy source and is “clatively free from the pollution concems that
face other enérgy supply system:,
‘." Most of these te‘c;\ologles have already bven demonstrated. Neverthe-
less, it'is difficult to predict when these systems will becorhe marketable. The
- problem is one of engineering design and development to provide economi-
cally competitive systems. However, some of these systems may find initial
ication in small, specialized markets in which higher costs are acceptable.
systems might also find long-term applications as decentraluzed energy

< ovoltaic, or solar,-cells have been used in the space program for
some fime and are commercnally available. A federal RD&D program is also
dway to help reduce the current cost of solar arrays by a factor of 30 by
the mid-1980’s — that is, from about $15 per peak watt of output at present to
about 50 cents per peak watt by 1986. Initial domestic residential/commercial
use of such solar systems is expected te occur in the mid-1980’s, but
widespread use will depend on additional cost reductions — i.e., to 20 cents
per peak watt by the 1990’s. This latter advance may- réquive introduction of
new cell materials or other configurations that offer higher cost reductions.

There seem to be a variety of uses abroad that may be econom:cally competi-
tive®ndw. . -

Thermal electnc ‘conversion systems use concentrated solar energy to
heat water or other woiking fluids to power turbines, which, in turn, drive
electric generator. Such systems can also be- incorporated into total energy
systems that supply ieat for industrial processes or space heating and cocling
as adell. =

. Large tracking mitrors (heliostats) can focus Iarge quantmes of <.rar
energy on central receiver systems — boiling a working fluid and produ: «
steam to power electric\generating equipment. Commercialization of s
technology depends on development of an economical system forconc  ~a-
ing the sun’s energy. System costs must be reduced by a factor of 5tc ¢ 7
such systems are to be u widely in intermediate-load situations.

Various experimental | units are being built, including a 5-me .
thermal test facility in- Albuuerque, New Mexico. A 1-megawatt thernr - ¥«
receiver was recently builf and tested in the French solar facility; a site . - .
Barstow, Californid, bas n selected for a 10-megghvatt pilot plant, ar
development of more economic heliostdts is under way. The first pilot plant
produced 35 kilowatts of electric pewer in Aprii 1976.

Local heat rejection, potential negative effects of shadowing large areas of
land and competing alternate uses for land areas are other issues needinrg
resolution prior to large-scale commercialization '

Wind energy conversion systems are more modern and economic ver-
sions of the old-fashioned Windmill. Several projects are under way to help
bring about development of re cost competitive wind energy systems. A-
100-kilowatt system has been constructed and tested for over a year as a

- 5
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coopv'.mve ER[)NNASA project. The first of. two 200-kilowatt experimental

mact - - is being fabricated for installation at Clayton, New Mexico, and a
1. ~ an expenmental system design is under way. In addition, smaller
wi 1. e for decentralized applications are being developed and have the
P - e o Lty commercialization of wind energy technologles To achieve

market benetratlm for this technology. the econsmics must be improved by a
fattor of 2 to 4, and questions concernirg controls, structural dynamics, site
charactenstrcs television interferencé, and the service life of large rotors must
be resclved.

Ocean Thermal electric conversion systems utilize the enormous, but
diffuse, quantities .of heat collected and stored ir the oceans to generate
electricity. Ocear. thermal systems use warm surface water to_ heat a second-
ary system liquid, such as ammonia, causing,it to vaporize and turn a turbine
connected to a generator. Cold water from ocean depths condenses the
ammonia vapor, and the cycle is repeated. i

Such systems might prowide electricity for maintand distribution or for
energv-intensive processes, such as manufacturing ammonia Of processing
aluminum ore, at-sea or on island sites. Although small units have been
operated, the cost of current technoloRy is such that major cost reductions and
performance - improvements are required before commercialization can be
comemplated. Technical probtems include producing an efficient heat ex-
changer, controlling its biofouling and corrosion, and constructing and posi-
tioning large, seagoing platforms\ In addition, a variety of socioeconomic,

institutional, and environmental q

changers and biofouling control technol-
ogies are under way, and critical component testing will begin in Fiscal Year
(FY) 1977,

-

Advanced Nuclear Reactors’

The United States is currently reorienting its advanced nuclear reactor
research and development program due to concern with proliferation dangers
associated with the plutonium fuel cycl~. The President has proposed to defer
efforts to comimercialize the Liquid Metal Fast Breeder Reactor (LMFBR). He
has proposed that the systems design for the Clinch River Breeder Reactor
Demonstration (CRBR) plant be’completed, but construction and operation be
cancelled However, the Fast Flux Test reactor facility under construction at
Hanford will be comp! eted and become aperable by 1980.

. Alternative reactor systems, including breeders and adyanced cooverters,
will be investigated with emphasis on nonproliferation and safety factors.
Spectral shift and tandem cycle techniques are being consudered as methods
to improve the performance of converter reactors. Coprocessmg o’ sperat fuel
from converter reactors is being- exammed as a possuble method for increasing

<y —
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fuel supply to converterreactors or bréedec reactors while reducing prolifera-
tion dangers. A variety of thorium breeders as well as converter reactors are
under consideration as alternatives to the LMFBR. The fuel cycle alternatwe
studies w:l_[ be completed within about two years.

Although fysion technology is still decades away from commercial-mar-
ket introduction, a strong incentive for developing fusion is that its fuel is
available in viftually unlimited amounts and at negligible cost. -

. . The present program for developing fusion involves two very different
approaches. The first, magnetic confinement, involves the confinement and
‘heatmg of a “plasma” consisting of deuterium and tritium to a point at which
the high' velocuy nuclei fuse on collision. The first experimental test facility -
, desngwed to produce significant thermonuclear energy is under construction at
Princeton. Development programs are now in place in al] fusion technology
problem areas: materials, plasma heating, fueling, magnets, impurities, vac-
uums;, tritium handling, maintenance, energy storage and transfer, and power
dermty

The ‘second appfoach to developing fusion, namely mertnal confinement,

involves the use of laser, electron-beam, and ion-beam sources to implode
pellets of deuterium and tritium, resuiting in fusion of the nuclei and release of
energy. A major laser facility is expected to demonstrate high energy gain from |
pellets in thé 1980’s, thus establishing the scientific feasibility of net energy
production from an operating ‘device.

Although the major obgectnve of both fusion approaches is to develop
commercially viable electric power reactors and although the inertial confine-
ment fusion program has significant weapons technolggy applications, other
possible applications are being considered. Among these are direct production
of hydrogen gas and/or synthetic fuels, chemical and materiai- processing,
fissite fuel production, fusnonfﬁssnon hybrid reactors, and auxiliary use of
reactor heat.

\ Most of the long-term technologies described above are the subject of a
comprehensive strategic study which is discussed in Chapter 6. ,

-
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Chapter 5
. | Developlmntof&ppmt'l‘ecl'mokgies

In addition to specific RD&D efforts in energy conservation and supply
technologies, various broad-based support programs and activities — basic
research, data coliection and dissemination, education, and training — are a
vital part of the national energy RD&D effort. The magnitude, score, and
‘number of these supporting activities make it impractical to present a compre-
hensive review in this report. However, two areas — basic energy research,
" and~environmental and safety research — are indicative of the efforts needed

to support a national energy RD&D program. | .
-7 —

The market-oriented technology programs concentrate their efforts on
developing energy-related concepts, processes, and systems to the paint of
practical use. Thesg efforts are nut enough, however, if the long-range welfare
of the Nation is to be assured. The applied programs must be complemented
with one that ism:ebasicinitsapproach,andasksitsqa.gstidnsfrdnﬂie
.viewpoint: What will Nature permit? What new knowledge is needed to-
improve existing processes? Hew can current approaches be’ made obsolete?

This long-range program must focus the scientific talent of the Nation on
selected areas where the neeg is greatest. Most important of all, it must enlist
the most creative minds in choosing those general areas and ‘topics where
significant progress is most likely. Only through such innovative research will
" major, new technological advances be possible. :

. ERDA, as the federal agency primarily responsible for developing energy
technology, has a comrespondingly great responsibility for conducting a vigor-
ous and diversified program of research in sciences related to the production
and efficient use of energy.
_ The benefits of this program are several. Its focus on the more_basic level
often results in understanding that is applicable to several of the technology
programs. Its scientific viewpoint often creates radically new.and different
approaches to existing problems. Its utilization of the educational resources of
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the Nation assists in the production of the next generation J trained scientific
talent, Finatlly, the products of this research are useful to all: _ government,
_industry, and the small innovator.

Environment and Safety Research

: The spectrum of energy' technologies needed to solve the Nation's energy

- problem must be not only economically attractive but also environmentally
and socially acceptable to consumers and the publlc at large. ensure that
this goal is met, an environmental research program is needed 1 .

® Identify and charactenze the envnronmental heaith, qnd safety
! issues and public concemns associated Ywith the commercial
operation of specific energy svstems;

e Establish standards of environmental and safety performance for
each technology being developed to reduce the severity of

~ environmental and health impacts and the costs of their control;
T b

e Identify enwronmental*contrd requirements;

e |nteract with the public, pnvate organizations, and other gov-
ernmental agencies to ensure awareness of public concerns
about energy developments and environmental and safety re-
search, as well as to disseminate information to the public on
environmental problems and progress; . ‘;‘

e Ensure that all ERDA-controlled activities minimize risks Yo the -
safety of the public and adequately protect property and the
environment. -

Many organizations, both government and private, must be part of an
overall, national effort to provide this research. In carrying out its pant of this
resporsibility, ERDA applies several important guidelines:

® Environmental and safety performance is an integral pant of
energy technology performance and Kas high priority wut"nn
each technology program.
® Protection of the health and safety of workers and of the general i
public from potentially adverse impacts of energy development
and use is a basic performance standard for all energy technolo-
gies, =
" & In compliance with the spirit of the National Environmental
Policy Act (Public Law 91-190), detailed environmental plan-
ning is an essential part of every program plan. In addition, an R
environment and safety overview of agency-w:de activities will
assess changes in funding Pfl’ontaes scheduling, and health and
environmental performance goals.




e Public involvement programs and environmental and safety
RD&D coordination activities at both the agency and the tech-
nical program level seek t0: (1) keep technical and policy
decisionmakers informed about related external activities, per-
ceptions, and problems; (2) coordinate environmental and
safety activities effectively; and (3) provide all interested groups
with a realistic view of ERDA’s and the Nation’s environmental
and safety progress and problems related to energy.

To embody these philosophical guidelines in all energy programs, envi-
ronmental and safety considerations must be included not only in demonstra-
tion plants but also in all experimental and pilot operations.

In addition, environmental development plans (EDP’'s) will be devel-
oped for major technology programs. EDP’s will provide a guide for  planning
and managing environmental, heaith, and safety activities required by sech-
.nology development programs, including identification of environmen@! is-
sues, plans for solutions, and key milestones for envaronmental impact assess-
ments and environmental impact statements.” The initial cycle of EDP
“preparation for the major technologies is scheduled for completion by the fall
of 1977.

-
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Chapter 6 '
On-Going Program Flamhg.smdies

Future budgets will reflect the results of two major ERDA-wide studies
now under way, the Market-Oriented Program Planning Study and the inex-
haustible Energy Resources Study. These studies wil! serve as the basis for an
effective federal research, development, and demuastration program as de-
scribed in the President’s National Energy Plan:

“An effective Federal research, development, and demonstration
(RD& D) program s ndispensable for the production of new energy
sources. Research is not an end in itself. The purpose of RD&D is to
technologires for practical use. The final stage of a success-
tul RD& D program is commercialization, the movement of a func-
tioning technology Into the markegplace. -

“ groundwork for eventual commercialization should gener-
ally be laid during the RD&D stage. Before embarking on costly
research . the Government should have the best possible
IfOrmation E prospects for economic success and institutional
acceptance. scientific and technical advances are made, eco-
nomic and institutional barriers to commercialization should also
be addressed, so that if technical success is achieved in the RD&D
program, commevtcialization can take pl'aqe rapidly.’”

Market-Oriented Program PlamngStudy

Nonmhowumsamwenetgysysmmmaybeahmgréatus
theoretical promise, success — or lack of it — is ultimately judged in the
commercial sector. in recagnition of this crucially important-fact, ERDA’s
Fiscal Year 1979 planning and budgeting activities include a Mark&-Oviented
Program Plarnimg Study, or MOPPS. Its purpose is first 10 examine the markets
likely ta be served by new and existing technologies and’ then to determine
‘which of them best accommodate which markets and at what costs (both
absolute and relative 1o competing fuel systems). This assessment should then
helpmakenposssuewdﬁermmema(whochmdmamchrdogqes
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" can achieve market penetration. RD&D leadtimes can then more realistically
be established for the technologies under investigation. S :
Within the broad obijective of coupling R&D thrusts to the market-place
rather than to the energy resource as commonly practiced, the MOPPS study
seeks to: - . .
. e C lassify candidate near and mid-term technologies into key,
uncertain, and hedge categories related to the likely role of the
. technology in future energy systems and thus to the appropriate
objectives, priority, and pace of the RD&D program; -
® Establish specific goals for each such major technology against .
which progress can be measured: ]
® Provide the basis for a reassessment of ERDA’s program strate-
gies and goals; '
e Highlight budget issues as to the rate of development of major
technologies, the level of redundancy necessary to cover tech-
nological risk, and the need for technological hedges.

The clirrent phase af MOPPS is scheduled to be completed by the end of
July, 1977, and will assist in highlighting budget and planning issues to be -
resolved by ERDA program planning prior to the completinn of the FY 1979
budget during the fail and winter of 1977. -

-

Inexhaustible Energy Resources Study

The Inexhaustible Energy Resources Study is directed at developing an
RD&D strategy for technologies that_are based on renewable or essentially
inexhaustible resources. Because most of these technologies tend to be among
the longer-term options, a MOPPS-type analysis, with emphasis on near-term )
market trends, is riot applicable. In . the study is oriented towards answer-
ing the questions.of how soon the technclogies that exploit réhewable or
essentially inexhaustible resources wili be needed, and what mix of technolo-
gies should be deployed to meét those needs. Conceptually, the time window
is bounded at one end by the “earliest feasible’ date for completion of a
successful RD&D program and at the other end by the “‘latest permissible”
date at which the ‘‘need’-for such tecinolegy could become critical. )

The RD&D strategy that will result from the study will be used as a guide
in formulating ERDA budget requests for the various renewable or essentially
inexhaustible options. Such requests can be viewed in two ways: (1) the total
RD&D budget on all the options, and (2) the .relative balance between
subprograms, i.e., the fraction of the total for photovoltaics, solar heating and
cooling, fusion, breeder reactors, etc. - _ .

Among the questions that the study is a?ﬂr&ssing are:

® What are the aiternative paths to the utilization of inexhaustible - -

-

-
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or renewable resources in terms of primary resources (the sun,
the earth’s heat, deuterium and lithium, uranium 238, etc. )32

- @ At what pace should the Nation begin to deploy energy systems
based upon inexhaustible resources?
® What major decision points are necessary and/or desirable?

- ® What are the cost-benefits of accelerating or decelerating sub-
programs to allow for broader, more far-reaching decisions?
® When can or should go/no-go decisions be made?
® What funds are required to make choices at an earlier or later
date? ,
The study will extend in time past the completton of the FY 1979 budget
but it is anticipated that spme initial insights may be achieved which will be
“helpful in the formulation of that budget. -
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Chapter 7

Overview of ERDA’s Budget'-

The Presrdent’s FY 1978 budget request to Congress for all activities of the
Energy Research and Development Administration totals -$7.3 b:lhon in
budget authority -and $6.3 billion in budget outlays. Of this amount, $3.8
billion in authority and $3.1 billlon in outlays are directly associated with
energy RD&D. The total budget is allocated as shown in Table |.

This ERDA budget overview focuses on decisions related to the energy
RD&D portion of the budget for nonnundclear and nuclear RD&D activities
and discusses the trends in_the development of that budget since FY 1976.

Energy RD&D Budget Nonnuclear Initiatives

. Recognizing the importance of a strong technology program, President
Carter made major revisions to the ERDA budget request in February (Table Il).
Increased authority of $247 million was requestéd: for near-terr. effort on
. conservation, fossil, and solar heating and codling. Funding for these new
emphases was provided primarily from reductions in long-term programs such
as the nuclear breeder, fusion, and sola, electric apphcatlons

In Ime with this initial shift in emphasis, the Presndent requested further
budget increases for key nonnuclear ERDA programs in April, coincident with
the publication of his National Energy Plan. The emphasis in the current
revision -was on small-scale energy systems in the solar and geothermal
categories ($28 million) with further increases for fossil ($17 million) and.
~conservation ($7 million). Funding for these further emphases was provided
primarily from reductions and adjustments in the nuciear program of $183
million. : ~ :

¢ 'Includes the February and the ‘;\pril budget changes initiated by President Carter. -~ -
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. Table 1 L
ERDA’S FY 1978 BUDGET REQUEST .
($ in Millions)

Enefgy Research Development and Demonstration : 3.790 ., 3,C79
' Basic Research and Technology Develbpmént - 672 636
Uranium Enrichment Activities 1,361 1,315 .
{Revenues) T 15665 (966)
. National Security ‘ 2,139 1,915
Prograrm Management and Support 309 310
. - . T
Total ’ ‘ $7.305 $6,289
Tabie H
FY 1978 Energy Budget
(Budget Authority — $ in Millions) v
~ New New
) Past - Adminis- Adminis-
- . Adminis- tration tration
e ' tration Budget Budget
- Budget Revision Revision
January February April
1977 1977 1977
Conservation : ' , s 158 $ 318 $ 325
Fossil Energy . ' 598 640 657
Light Water Reactors 642 617 548
Solar Heating and Cooling 45 90 96
Solar Electric and Other 260 215 224
Geothermal Energ;y . 88 ' 88 101
Fusion : " 513 433 43‘3
Advanced Reactor & Fuel Cycle Concepts 998 799 e85
. Total g 3302 $3.200 . $3,069
40




Some of the key initiatives® in the total FY 1978 budget request as
‘compared to FY 1977 can be summanzed on a program-by-program basis as

fol lows:
S

Conserva:ion — Incréases are provided for efforts to deveiop

- efficient- and fuel-flexible heat engines for transportation, to

improve energy conversion efficiency, and to support the Elec-
tric and Hybrid Vehicle Act and a pilot energy extension service
program. To help conserve natural gas, programs for develop-
ment of small fuel cells and gas-fired heat pumps are being
accelerated Studies will be conducted aimed at the recovery of
waste heat from ERDA’s present enrichment plants"and produc-
tion reactors for use both in its own facilities and for supply to
nearby external users, thus emphasizing the Federal Govemn-
ment's own commitment to waste heat utilization.

Fossil Energy — Increases are provided for programs to substi-
tute coal and coal-derived fuels for oil and gas and improve
techniques for recovery of petroleum and shale oil resources.
Design for a solvent refined coal demonstration plant will be
initiated. Development of gas extraction from eastérn shales
will b€ accelerated. Possible environmental problems of carbon
dioxide produc:tton from foss:l fuel combustion will be studied.

Solar Energy—— Fundmg allows continued implementation of
the solar heating and cooling demonstration program. Addi-
tional R&D effort associated with solar heating, high tempera-
ture collectors and <olar space cooling will be pursued. 1n-
creases are provided to expand agricultural and industrial
process heat and biomass applications and support to solar
electric R&D activities. Specific efforts will be made to expand
engineering design €fforts on photovoltaic systems with concen-
trators and to pursue .additional development of sraall ‘.wnd
machines for remote locations.

Geotbermar ‘Energy — Increases are provided to intensify re-
source exploration, assessment, and:utilization and to initiate a

terization of geopressured resources and non-electnc apphca-
tions of geothermal energy will be accelerated.

Fusion Power — The budget provides for continued work on
magnetic confinement alternatives and construction of the To-

-kamak Fusion Test Reactor at Princeton, New Jersey, and for

expanded work in laser fusion on laser development and target
expenments- )l

-

P"-

-
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' 50-megawatt geothermal demonstration power facility. Charac-

b
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Energy RD&D Budget Nuclear Initiatives’

The appropriate role of nuclear power and the concerns associated with
the proliferation of nuclear weapons has been a major consideration for the
Administration. Since the Administration took office, extensive reviews have

taken place and a number of policy decisions have been reached.
... The United States has a technology — the existing light water reactor
(LWR) with a once-through fuel cycle — on which it can depend today for
nuclear power with minimum risks.

The President has indicated in his National Energy Plan that the United
States mtends to use the LWR to help meet today’s energy needs and to give
mcreased attention to the production of uranium fuels for LWR’s, LWR safety,
licensing, and waste management. This policy will permit nuclear power to be
used safely to meet U.S. energy demands for many decades. In seeking
advanced nuclear technologies, the Nation must minimize the risk of nuclear -
proliferation, but with the knowledge that-no advanced nuciear technology is
wholly benign in this regard. Thus, the President announced on April 7 that
the United States will defer indefinitely commercial reprocessing and recy-
cling of plutonium..ERDA’s nuclear research program is being reoriented. to
“study alternatjve reactor and fuel cycle technologies.

The budgetary consequences of these changes in the nuclear program are
shown in detail on Table I,

ERDA is also reonentlng, within existing budgets, its National Uranium
Resources Assessment Evaluation program to focus more sharply on a timely
evaluation of the ultimately- available donrvestic resources of uranium.

The President has proposed that construction of the Clinch River Breeder
Reactor (CRBR) project be indefinitely deferred. The Breeder Program fynding
would be reduced, but a base program would be maintained. Efforts would
now be directed towards evaluation of alternative breeders with emphasis on
nonproliferation and safety concemns. A number of the breeder program
support facilities previously planned would be delayed in light of the program
reexamination. However, the Fast Flux Test Facility at Hanford, Washington,
would be completed and used for fuel studies needed by the program.

The propoused reoriented LWR Fuel Cycle activity would be redirected to
develop Advanced Fuel Cycles for alteinative reactor concepts with enhanced
nonproliferation characteristics and expanded work on thorium fuel cycles.
Supporting nuclear energy assessment activities would be increased for more
detailed study of alternative total reactor systems (including advanced convert-
ers) and other concepts to enhance proliferation resistance. '

Recogmzmg the legitimate aspirations for the benefits of nuclear power
on the pan of many nations of the world, ERDA will reopen the order book for
provision of enrichment services both>*at home and abroad from U.3: Govern-
ment capacity. Such fuél services will be assured to any country that shares
- U.S. nonproliferation objectives and can accept certain conditions consistent

‘with those objectives.

-
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New New
- Budget
. January February
1977 1977 = _1977
{ .
$ 369 S 344 s 248
o8 98 104
175 175 195
S 642 $ 617 $ 547
- /
620 506 450
° 238 150 a3
75 75 - 75
52 52 .. 104
16 16 23 -
$ 998 $ 799 $ 685
$1.640 $1.416 $1.,232
$1.685 $1.685 $1,361
— 43
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The expansion of U.S. enrichment capacity had previously been planned
to occur using the historic gaseous diffusion- technology. A vastly improved
and energy efficient technology (using less than one-tenth of the electric
power), namely centrifuge enrichment, has now reached the stage of develop-
ment where it is suitable for application. It is this newer and less energy-
wasteful technology which ERDA will now emplov for expanded government

capacity.

Budget Trends ‘ - ) e C.
Excluding uranium enrichment and supportmg programs, ERDA’s energy
budget has radically changed in dollar and program distribution between FY
1976, the first full-year ERDA budge' and today’s rewsed FY 1978 budget
(Tavie V).
Conservation and renewable technologies, startmg fromi Iow levels_in
1976, have increased by factors of about 3 and 2 respectn.ely

\

-

Table IV .
ERDA Energy Programs
(Budget Authority — $ in Millions)

* FY
- - 1978 Increase in FY 1978
FY FY National (April revision) over
= 1978 1978  Energy FY 1976
Budget Revision Plan
FY January February April % In- _
Program 1976 1877 . 1977 19777 § Millions crease
Gonservation - . 76 158 318 325 - 249 328
) . - . o
. Fossil 1 ' 426 598 640 657 231 54
Renewables 7 . 146 393 393 421 275 188
Light Water Reactor 153 642 617 548 395 158
Advanced Concepts 602 998 799 685 83 14
& l‘ - j )
Fusion =~ | L e 246 513 433’ 433 187. 76

Total - 1,649 3,302 3,200 3.069. . 1,420 86%

¥y

' not mciude $1.0 mihon lor carbon Goxie study programs ang $5.0 midbon for intermatonal efforts to
asust countres.
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‘ Light water reactor work, also starting fram a low level, first expanded
- significantly, but (with current decisions to defer chemical reprocessmg) hac
been reduced, showing an overall growth factor of about 1.5.
s - Fossil efforts, starting from a hlgher lmtlal level in 1976, have increased
by 54 percent. - ,
in the long-term programs, “fusion has.grown at about 75 percent and
advanced nuclear concepts first showed large increases but (with_ current
decisions to defer the CRBR and to study alternatives) has been reduced,

. showing an-overall increase of about 15 percent.

In the ERDA FY 1978 budget, as revised to reflect the emphases of the
President’s National Energy Plan, conservation and renewabiles together repre-
sent about 25 percent of the energy budget; fossil, light water reactors, and
advanced nuclear concepts represent about, 20 percent. each; and fusion

represents the remaining 15 percent. .
As noted ‘in the President’s’ National Energy Plan:

-

A balanced RD&D program should have near-term as well as
long-term benefits, should promote conservation and nonconven-
tional resources as well as conventional resources, should support
small-scale as well as large-scale projects, and should enlist the

. talents of individual inventors and small business as well as major
corporations. In its revisions of the fiscal year 1978 budget, the
Administration began the, process of reorienting RD&D priorities to
meet the country’s real needs.”

The President’s overall energy plan provides the needed context for the °
National Energy RD&D effort. ERDA’s activities in this area, combined with
those of other federal agencies involved in energy ‘RD&D, can provide the -
basis for technological change needed to allow the United States to weather-a
major transition in energy supplies and successfully meet the energy needs of

the .uture- 7
_/
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